P ertussis (whooping cough) results from infection with the Gram-negative bacillus Bordetella pertussis. Following an initial colonization of the respiratory tract cilia, susceptible individuals experience a catarrhal phase consisting of upper respiratory symptoms, followed one to two weeks later by a paroxysmal phase that may last for four to eight weeks (1) . Symptoms of the paroxysmal stage may include coughing, whooping and vomiting. Pertussis is primarily a disease of young children, but adults are increasingly recognized as a reservoir for its spread (2) . Although vaccines have significantly reduced the incidence of pertussis over the past 50 years, treatment of the potentially lethal paroxysmal stage remains a problem. Because children under six months of age are at the greatest risk of severe disease and death, particularly if they have not received their primary immunization series (3, 4) , hospitalization has been recommended for all children under one year of age with pertussis (2) . Management of this disease has included antimicrobial agents, salbutamol, corticosteroids and intravenous pertussis immune globulin, but there appears to be no treatment consensus. The purpose of this paper is to compare the treatment of children hospitalized with pertussis in six tertiary care hospitals in Canada.
PATIENTS AND METHODS
Data were collected by a chart review of all cases of pertussis hospitalized between January 1, 1991 and June 1, 1995 at six tertiary care pediatric hospitals (Table 1) representing about 39% of the pediatric tertiary care beds in Canada (5). The inclusion criterion was hospitalization during the study period with a primary admitting diagnosis of pertussis. Exclusion criterion was nosocomially acquired pertussis or a prior admission for pertussis during the study period.
Chart reviews were performed by medical record technicians or nurses at each location, using standardized data collection forms. The record reviews were performed by a single person at each location with the exception of the British Columbia's Children's Hospital, where two individuals performed the medical record reviews. Validity testing performed at the Izaak Walton Killam-Grace Health Centre showed that there was a concordance rate of 94% to 96% between data transcribed by the authors and data transcribed by medical records personnel (data not shown). Statistical analyses were performed using the software programs SAS 6.08 (SAS Institute Inc, North Carolina) and EPI Info 6.0 (Centers for Disease Control and Prevention, Atlanta, Georgia). Because preliminary analyses showed that few variables were normally distributed, nonparametric statistics were used throughout. Categorical variables were compared using c 2 tests, whereas continuous variables were compared using Kruskall-Wallis tests for two groups or Kruskall-Wallis one-way ANOVAs as appropriate. The study received appropriate approval for medical records reviews at each institution.
RESULTS
Data were obtained from the medical records of 440 children (Table 1) ; 52% were female, and the sex ratio did not differ among hospitals (P=0.667). The median age of patients ranged from 2.6 to 4.4 months, but there was no significant difference among hospitals (P=0.0582). Overall, 10% of children hospitalized for pertussis had a history of reactive air-
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Can J Infect Dis Vol ways disease. These children were older (median age four years) than patients with no history of reactive airways disease (median age three months, P<0.0001). Both the proportion of individuals with a B pertussis culture taken during their admission and with a positive B pertussis culture varied widely among hospitals (P=0.0107 and P<0.001, respectively). Most children over two months of age had complete ageappropriate immunizations which did not differ among hospitals (P=0.064). Significant differences were found among centres for complete blood counts taken on admission (P=0.00248) and use of oxygen saturation monitoring (P<0.0001). Most (82% to 96%) patients received a course of erythromycin either before or during hospitalization (Table 2) . Between 38% and 59% (mean 47%) of children received the recommended dose (40 to 50 mg/kg/day to a maximum of 1 g/day [6] ) (P=0.424). The most common dosing error was inadequate dosages in older children. The proportion of children who were prescribed a course of erythromycin at least as long as the recommended 10 days (6) varied from 74% to 90% (mean 83%, P=0.43). There was no difference in the proportion of pertussis culture-negative (78%) and pertussis culture-positive children (85%) who received a course of erythromycin for at least 10 days (P=0.14). There was wide variation (49% to 100%) in the proportion of children receiving erythromycin estolate versus other erythromycin preparations (P<0.0001).
Excluding children with reactive airways disease, salbutamol and steroid (oral, intravenous or inhaled) use also varied widely (Table 3 , P=0.005 and P<0.0001, respectively). Finally, 12 children at the Izaak Walton Killam-Grace Health Centre participated in an ongoing study of the use of intravenous pertussis immune globulin.
Median length of stay varied from three days at the Children's Hospital of Eastern Ontario to eight days at the Stollery Children's Health Centre (P<0.0001, Table 1 ). The percentage of children who spent time in the intensive care unit (ICU) also varied significantly (P<0.0001). Of 86 children admitted to ICUs, 20 were placed on a ventilator at some point during their hospitalization. For all hospitals combined, there was no significant difference between the median length of stay of children with complete age-appropriate immunizations (three days) and children with incomplete age-appropriate immunizations (four days, P=0.0556). Children under six months of age had a median length of stay of five days, while children six months and over had a median length of stay of three days (P<0.0001). Children with a history of reactive airways disease had a longer length of stay (five days) than children with no such history (three days; P=0.0048).
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Adjunctive therapy for pertussis (24) 1 (2) Number (%) receiving oral intravenous or inhaled steroids (excluding children with reactive airways disease)
9 (12) 1 (1) 7 (18) 4 (4) 3 (5) 0 (0) Number (%) receiving intravenous pertussis immune globulin 
DISCUSSION
Although there were few differences in the characteristics of the children hospitalized with pertussis at the participating hospitals, there was substantial variability in their medical management. Initial laboratory investigations were similar, but the proportion of children with a positive B pertussis culture varied dramatically among hospitals, perhaps due to differences in laboratories, sampling technique, prior exposure to antibiotics or variation in admission criteria.
However, the greatest variability demonstrated was related to drug therapy. Nearly all children received a course of erythromycin at some point during their illness, although only 47% received the recommended dose (6) . Many children received a course of erythromycin shorter than the current recommended length of 10 days (6). The preparation of erythromycin used was also variable, with a range from 32% to 68% using the estolate form. Although definitive evidence is lacking, it has been proposed that the erythromycin estolate may be the preparation of choice for the treatment of pertussis (2) .
Salbutamol was used commonly in children with reactive airways disease, but use varied in other children with pertussis. Early authors suggested a beneficial effect of salbutamol (7-10), although two later double-blind placebo controlled trials of salbutamol did not demonstrate a significant effect on the number of coughing spasms or the duration of illness (11, 12) . Excluding children with reactive airways disease, there was limited and varying use of steroids among hospitals. In mouse models, betamethasone inhibits the effect of pertussis toxin, which may play a role in the pathophysiology of pertussis (13) . In humans, oral prednisolone (14) , betamethasone (15, 16) and hydrocortisone (17, 18) have been reported to be beneficial. However, because of small sample sizes, different drugs and varying dosage regimens, confirmatory studies are required to determine the efficacy of steroids in the management of pertussis. Other investigational therapies, such as intravenous pertussis immune globulin (19) (20) (21) , require further demonstration of effectiveness before they can be widely recommended.
We found both similarities and differences in hospital utilization among the centres. Length of stay varied at all centres by age and underlying disease. The longer median length of stay in children under six months of age is likely a reflection of the morbidity and mortality caused by the infection in younger children (3, 4) . Not surprisingly, children with reactive airways disease also had longer stays and were generally older, showing the increased morbidity of pertussis in this group of children. There was also substantial variation among hospitals in the proportion of patients admitted to an intensive care unit. These utilization differences may be attributed in part to referral bias, provincial variation in case definition (22) or differing criteria for discharge among hospitals.
In summary, this study demonstrated both similarities and striking differences in the management of pertussis in Canada. It is hoped that this study will allow practitioners to place their treatment practices in a national perspective and provide a baseline for future trials on the efficacy of various treatments.
